persistently infected cell lines was substituted for normal cells in the standard plaque assay, very low efficiencies of plating were observed for homotypic and heterotypic viruses. Plaque formation by several heterologous viruses was virtually unaffected.
The mechanism of homotypic plaque exclusion in both cell lines was shown to occur beyond the virion adsorption stage. The original infecting virus genome persisted in both cell lines after standard virus was no longer detectable. This was shown with the lymphocytic choriomeningitis virus-infected cells after storage in liquid nitrogen. After thawing, such cells were found to synthesize standard virus for a brief period. Although the Parana virus-infected cells did not behave this way, the growth medium from these cells would initiate PFU synthesis in normal cells within 36 hr after infection.
The name "arenavirus" has recently been designated to include lymphocytic choriomeningitis virus (LCMV), Lassa virus, and those hemorrhagic fever viruses previously classified as the Tacaribe complex of viruses, i.e., Amapari, Junin, Latino, Machupo, Parana, Pichinde, Pistillo, Tamiami, and Tacaribe viruses (26) . The arenaviruses have been grouped together primarily on the basis of morphological and antigenic similarities. They also appear to share a unique susceptibility to amantadine hydrochloride in that the drug inhibits both an early and a late stage in the virus-cell interaction (24, 25) .
One of the striking characteristics of the viruses 'Present address: Department of Biological Sciences, Mt. Holyoke College, So. Hadley, Mass. 01075. ARENAVIRUSES (2, 15) . Unless otherwise stated, the temperature for cell and virus propagation was 37 C. Cell concentrations were routinely established by counting no fewer than 300 cells in a hemacytometer.
Viruses. The origin and passage histories of the CA1371, Fortner, Traub, UBC, and WE strains of LCMV were presented by Pulkkinen and Pfau (15) . Members of the Tacaribe complex of viruses, i.e., Amapari, Parana, Tacaribe, and Tamiami, were those reported by Pfau et al. (13) . Mengo virus and vesicular stomatitis virus (VSV) were those described previously (24) . Pseudorabies virus (1) was obtained from A. S. Kaplan; the New Guinea B strain of dengue 2 (19) was from R. W. Schlesinger; wild-type Sindbis virus (14) was from E. R. Pfefferkom; and the C (heat stable) variant of the Beaudette strain of Newcastle disease virus (NDV) (3) was from D. E. Wilson. The Therian strain of rubella (10) was from H. Liebhaber. M-P virus (12) was from M. Padnos.
Measurement of infectious virus. The BHK21/13S cell suspension plaque assay was used throughout this study (15) , and details for the assay of the various strains of LCMV, Parana, and VSV are given elsewhere (13, 25 (ii) L cell monolayer cultures. Monolayer cells were infected and maintained as described previously (2) .
The L cells were infected with the Traub and UBC strains of LCMV at input multiplicities of 0.3 and 1.0, respectively. At the designated time after infection, the monolayers were dispersed with trypsin, and the cells were centrifuge-washed, counted, and assayed for infective centers.
Cloning of BHK21/13S cells. Plates were prepared as for the virus plaque assay except that a 5-ml base consisting of 0.5% agarose in complete Spinner medium (15) was used. A 1-ml overlay consisted of equal volumes of cell dilutions (in complete Spinner medium) and the base medium. After 12 days, the colonies of cells were counted. For fluorescent antibody studies, colonies were excised from the plates with Pasteur pipettes, dispersed with trypsin, and seeded onto plastic tissue culture dishes.
Fluorescent antibody techniques. LCMV-specific immunofluorescent antiserum from R. E. Wilsnack (27) was diluted 1:30 in phosphate-buffered saline for LCMV work alone or 1:10 for comparative studies with Parana virus-and LCMV-infected cells. Cells (5 X 106 to 10 X 105) from the infected suspension cultures and cloned monolayers were placed in petri dishes containing glass cover slips and 5 ml of monolayer medium. After 48 hr, the cover slips with attached cells were removed and then fixed and stained by the method of Mims (11) . Controls were run by exposing uninfected cells, after the initial 24-hr incubation period, to uninfected medium or standard virus stocks (24) . The cover slips were mounted in buffered glycerol mounting medium. A Leitz fluorescence microscope with an Osram HBO200 high-pressure mercury vapor lamp was used for examination of the cells.
RESULTS
Progression of arenavirus infections in cell culture. Suspension cultures of BHK21/1 3S cells were followed for over 300 generations after infection with either Parana virus or the CA1371 strain of LCMV ( Fig. 1 and 2 Prior to infection of all monolayers with 1 ml of LCMV-CA1371, half the flasks were transferred to 4 C for 15 min. After a 1-hr adsorption period at either 37 or 4 C, the monolayers were washed three times with 2-ml amounts of either warm or cold medium. The flasks at 37 and 4 C were divided into two groups. Medium was added back to the monolayers of one of the groups at each temperature, and incubation was continued at that temperature for 4 hr. These monolayers were then treated as the groups that had received no additional incubation: monolayers were exposed to warm (37 C) trypsin for 1 min and then returned to their respective temperatures for 9 min. Cells were then suspended in 5 ml of medium and centrifuge-washed eight times at 4 C, counted, and assayed for PFU before and after sonic disruption.
titer at 4 C. Table 1 . The medium from the persistently infected cells was sampled and assayed to insure that no detectable PFU was being liberated from the cells. All flasks were then cooled for 1 hr at 4 C. Duplicate Parana-BHK and normal BHK monolayers were infected at 4 C with 1 ml of Parana virus at an input of 0.5 PFU/cell; duplicate LCM-BHK and normal BHK monolayers were exposed to 1 ml of at an input of 0.1 PFU/cell. After incubation at 4 C for 1 hr, with occasional redistribution of the inoculum by gentle rocking of the flasks, the inocula were decanted, and the monolayers were washed. To one flask from each duplicate set was added 5 ml of monolayer medium, and incubation was continued for 1 hr at 37 C. The remaining monolayers were dispersed with trypsin by incubation at 4 C for 10 min. The cells were suspended in 5 ml of medium and centrifuge-washed eight times at 4 C. The final 5 ml of supernatant fluid (last wash) was assayed for PFU. The sedimented cells were resuspended in 5 ml of medium and assayed for infectivity before and after disruption by sonic oscillation The monolayers that had been reincubated for an additional hour at 37 C were treated as above, except that all procedures were carried out at 37 C. small plastic flasks (1 ml of cells at a density of 106 to 2 X 106 plus 4 ml fresh medium), and the medium was changed 24 hr later. Two days later, the monolayer was just confluent (101 cells), and the medium usually contained about 103 to 5 X 103 PFU. At this point, the cells were dispersed with trypsin and inoculated into new flasks so that a confluent monolayer would be formed 3 days later. This procedure was repeated at 3-day intervals. Under these conditions, PFU persisted in medium until 6 to 9 days after the cells were thawed. There was no gradual decrease in PFU with time, only an abrupt disappearance. The time in liquid nitrogen did not seem critical for observation of the phenomenon; however, cells were never thawed less than 1 week after freezing. Similar procedures with Parana-BHK cells did not elicit detectable PFU. However, freezing the Parana virus-infected cells prior to the disappearance of PFU (23 generations postinfection) substantially altered the course of the infection. At the time of freezing, the culture contained 0.02% infective centers and 1.4 X 102 PFU/ml (2 X 10-4 PFU/cell). Cells were frozen for 6 days and then thawed. Ten generations later, the thawed culture contained 0.033% infective centers and 1.5 X 103 PFU/ml (1 X 10-3 PFU/cell), whereas the original culture at the 33rd generation contained 0.006% infective centers and 1.5 X 102 PFU/ml (6 X 10-5 PFU/cell). At this time over 90% of the cells in both cultures contained viral antigen detectable by fluorescence. Although this freeze-thaw procedure seemed to stimulate PFU synthesis, the effect was short-lived, and this culture ultimately ceased producing detectable PFU 10 generations earlier than the parent culture.
Even though the freeze-thaw cycle of Parana-BHK cells did not induce standard virion synthesis, the media from these cultures (prior to freezing) did lead to PFU production in normal cells. The Parana-BHK medium was centrifuged at 10,000 rev/min for 10 min, and the resulting supernatant fluids were then spun at 30,000 rev/min for 50 min in a Spinco no. 30 rotor. The pellet was suspended in one-tenth the original volume and then exposed to BHK monolayers in small Falcon flasks for 1 hr. One milliliter of inoculum was removed, the monolayers were then washed, (9) found that, unlike the former culture, infectious virus (as measured by a mouse median infectious dose (ID50) assay) disappeared from the culture 80 days postinfection and remained undetectable through the 470th day postinfection.
Lehmann-Grube and colleagues (9) (24) . These studies (24) have shown that an interfering component, a defective virus, is produced in abundance after the initial peak of PFU infectivity in the medium has been reached. Thereafter, the ability of the medium-associated virus to form infective centers declines while the interference activity rises. These studies were not carried be- 
